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(57) Abroge/Abstract: 

In an IP-based cellular telecommunications network, such as for example in a Code Division Multiple Access (CDMA) 2000 
cellular telecommunications network, a method, a system and a Packet Data Serving Node (PDSN) for registering a Mobile 
Node (MN) with the PDSN Once a Point-to-Point Protocol (PPP) connection is established between the MN and the PDSN, a 
PPP timei is started, the PPP timer being set to expire after a predetermined period of time. A Mobile Internet Protocol (MIP) 
registration takes place between the MN and the PDSN. The PDSN detects if the MIP registration is successful and if so, resets 
the PPP timer to a substantially higher value and the PPP session continues until one of the involved parties terminates it. If the 
MIP registration is not successful, the PDSN further detects if a new MIP registration request is received before the expiration of 
the predefined period of time, and if so, the PDSN resets the PPP timer again to the predefined period of time. Otherwise, if a 
new MIP registration request is not received before the timer expiration, the PDSN terminates the PPP connection. The PDSN 
comprises the PPP timer, an RP stack for supporting an RP connection, a PPP stack activated for the duration of the PPP 
connection and a foreign agent for performing the MIP registration of the MN, which may be implemented using software or 
hardware modules, or a combination thereof. 
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Abstract 



|„ an IP-based cellular telecommunications network, such as for example in a 
Code Division Multiple Access (CDMA) 2000 cellular telecommunications network, a 
method. a system and . Packet Data Serving Node (PDSN, for registering a Mobile Node 
IMN) with the PDSN. Once a Point-to-Point Protocol (PPP, connection is es.abl.shed 
between the MN and the PDSN. a PPP ,in,cr is started, the PPP timer being se, to expire 
after a predetermined period of time. A Mobile Interne, Protocol (MIP) registration takes 
p ,ace between the MN and the PDSN. The PDSN detects if the MIP registration is 
successful and if so. resets the PPP timer .« a substantially higher value and the PPP 
session contwu.es until one of the involved parties terminates it. If the MIP registration is 
not successful, the PDSN further detects if a new MIP registration request is received 
be*™ .he expiration of the predefined period of ..me. and if so. the PDSN resets the PPP 
tim er again to the predef.ncd period of time. Otherwise, if a new M»P registration 
request is no. received before the timer exp.ratiot, the PDSN terminates the PPP 
eonnection. The PDSN comprises the PPP timer, an RP stack for supporting an RP 
connection, a PPP stack actuated for .he duration of the PPP connection, and a foreign 
agent for performing the MIP registration of -he MN. which may be implemented using 
software or hardware modules, or a combination thereof. 



OA 02259508 liUOl-lG-15 

PAT I: NT APP LICATION 
Dnckci Number : IM4i23CA 

Method, System and Packet Data Serving Node (PDSN) for Mobile IP (M1P) 
Registration of a Mobile Node (MN) 

BAC KGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to cellular telecommunications, particularly to a 
method, system, and corresponding Packet Data Serving Node tPDSN) for performing 
Mobile IP (M1P) registrations. 

Description of the Related Art 

The Code Division Multiple Access 2000 (CDMA2000) cellular 
telecommunications network is one of the third generation (3G) for the IP-based ( Internet 
Protocol • based) cellular telecommunications networks, that can provide high-speed 
wireless connections allowing for multimedia sessions over wireless interfaces. In such an 
IP-based cellular telecommunications network, including in the CDMA 2000 cellular 
telecommunications network, tor a Mobile Node (MN) to be able to carry our a wireless 
communications, a Packet Control Function (PCF) of a Base Station (BS) serving the MN 
must first establish a Radio network Packet data serving node (RP) session with a Packet 
Data Serving Node (PDSN). The establishment of the RP session is followed by the 
starting of a point-to-point protocol (PPPj connection, or session, between the MN and the 
PDSN, which is in turn followed by the MN's Mobile IP (Mobile Internet Protocol or 
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M1P) registration with the PDSN. An MIP registration request is thus passed from the MN 
10 the PDSN over the PPP connection anil via the PCF, which forwards it to the PDSN 
over the RP session. The purpose of the Mobile IP registration signaling is to allow the 
MN to obtain an IP address for identifying the MN during the communications over the 
PPP connection. 

In some instances, the MIP registration of the MN with the network may be 
unsuccessful, due to various reasons, such as for example invalid challenge value or time 
based desynehrom/ation between the MN and the PDSN, etc.. The cellular 
telecommunications standard [S-835 for CDMA 2000 defines that the RP and PPP sessions 
must most often be terminated in cases wherein an MIP registration is unsuccessful or 
reiected. However, for some conditions wherein the MN can correct the error that led to 
the unsuccessful M!P registration, the sessions may be kept- 
Coven the unpredictable behavior of MNs in various operational situations, the 
scenarios dcWncd by the standard and specifying when the PPP sessions should be 
terminated are not consistent, as are the scenarios wherein according to the standard the 
sessions can be kept alive. For example, it was observed that in many situations the RP 
and PPP sessions ate kept alive for long periods of time (default value is typically set to at 
least 9000 seconds in many implementations) in instances wherein, for various reasons, the 
MN dues not correct the encountered internal errons) and therefore does not attempt an 
additional MIP registration as expected. In other instances it was observed that the sessions 
were terminated while the MN was retrying an additional MIP registration leading to the 
re-esrablishment of the RP and PPP sessions immediately after their termination. 
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Therefore, due substantially to the unpredictable behavior the MNs may have in 
operational situations that were not tested and thus discovered, and for which no adequate 
solutions were implemented beforehand, many cases arise wherein the handling (keeping 
alive or killing) of the RP and PPP connections is inadequate. 

It would be advantageous to have a consistent method allowing for repetitive MIP 
registration attempts in case ol i initial MIP registration failure for all the possible scenarios 
and situations that will occur in operational situations. 

In particular, there is an advantage to have a method, a system, and a PDSN that 
could maintain the RP and PPP connections alive for a predetermined amount of time 
following an MIP registration failure tor allowing subsequent MIP registration attempts to 
be performed. 

Summary of the Invention 

In one aspect, the present invention is a method for Mobile IP (MIP) 
!•> registration between a Mobile Node ( MN ) and a Packet Data Serving Node (PDSN), 
wherein the method first establishes a Poim-io-Point Protocol (PPP) connection between 
the MN and the PDSN, and responsive to the establishment of the PPP connection, starts a 
PPP timer set to expire alter a predetermined period of time. Thereafter, the MN attempts 
to perform an MIP registration with the PDSN and upon unsuccessful MIP registration of 
20 the MN with the PDSN, the method keeps alive the PPP connection between the MN and 
the PDSN until the expiration of the predetermined period of time of the PPP timer for 
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allowing the MN to attempt at least one additional MIP registration during the 
predetermined period of time following the unsuccessful MIP registration. 

In another aspect, the present invention is an IP-based cellular telecommunications 
system comprising a Mobile Node (MN), a Packet Data Serving Node fPDSN) connected 

b to the MN through a Point-to-Point Protocol (PPP) connection, wherein responsive to the 
establishment of the PPP connection, the PDSN starts a PPP timer set to expire after a 
predetermined period of lime, and wherein upon detecting an unsuccessful MIP 
registration attempt of the MN with the PDSN, the PDSN keeps alive the PPP connection 
between the MN and the PDSN until an expiration of the predetermined period of time of 

1 0 the PPP timer. 

in yet another aspect, the invention is a Packet Data Serving Node (PDSN) 
comprising a Point-to-Point Protocol connection (PPP) timer started upon establishment of 
a PPP connection between the PDSN and a Mobile Node (MN). the PPP timer being set to 
expire after a predetermined period of time, a PPP stack enabled upon the establishment of 

lb the PPP connection, and a PDSN/Foreign agent functionality for performing a Mobile IP 
(MIP) registration of the MN with the PDSN, wherein upon detecting an unsuccessful MIP 
registration attempt of the MN with the PDSN. the PDSN/Foreign agent keeps the PPP 
stack enabled and the PPP connection ahve between the MN and the PDSN until an 
expiration of the predetermined period of time of the PPP timer. 

;>(-, In yet another aspect, the invention is a method for Mobile IP (MIP) 

registration between a Mobile Node (MN) and a Packet Data Serving Node (PDSN). the 
method comprising the steps of establishing a Point-to-Point Protocol (PPP) connection 
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between the MN and the PDSN, unci responsive to the establishment of the PPP 
connection, starting a PPP timer set to expire alter a predetermined period of time. The 
method further involves having the MN to attempt an Ml? registration with the PDSN, 
and upon detecting an unsuccessful MIP registration of the MN with the PDSN: i) sending 
from the PDSN to the MN an MIP registration reply for informing the MN that the MIP 
registration was unsuccessful; and ii) keeping alive the PPP connection between the MN 
and the PDSN until an expiration of the predetermined period of time of the PPP timer. 
The method further includes, responsive to the receipt of the MIP registration reply at the 
MN. attempting an additional MIP registration of the MN with the PDSN by sending an 
additional MIP registration request from the MN to the PDSN, wherein the steps of 
attempting an MIP registration and the step of attempting an additional MIP registration 
comprise sending from the MN to the PDSN an MIP registration request. 

Brief Description of the Drawings 

l or a more detailed understanding of the invention, tor further objects and 
advantages thereof, reference can now be made to the following description, taken in 
conjunction with the accompanying drawings, in which. 

Figure I (Prior Art) is a high-level flowchart representative of a method for Mobile 
IP (MIP) registration according to the prior art; 

Figure 2 is a nodal operation and signal flow diagram illustrating an exemplary 
preferred embodiment of the invention; and 



CA 02359508 :»001-10-lb 



PATENT APPIJJLAIJW. 
Docket Number - PI4123C A 



Figure 3 is a high level block diagram of an exemplary implementation of the 
preferred embodiment of the invention within a Packet Data Serving Node (PDSN). 

Detailed Description of Embodiments 

Reference is now made to Figure I (Prior Art) wherein there is shown a high-level 
flowchart diagram representative of a method for Mobile IP (MIP) registration according 
to the prior an as defined in the standard IS-835 for CDMA 2000 cellular 

telecommunications networks. 

First, in step 20. a PoinMO-Point Protocol (PPP) connection is established. Upon 
10 establishment of the PPP connection, a PPP timer is staned. step 22. wherein in many 
actual product implementations ihe PPP timer is sei to expire at a default value of at least 
MOO seconds. At step 24. ihe Mobile Node (MN) performs an MIP registration atiempt by 
sending an MIP registration request message 10 the Packet Dala Serving Node (PDSN) of 
the CDMA 2000 cellular telecommunications network. Responsive to ihe registration 

1 b request, the PDSN tries to register the MN and to activate the IP services requested by the 
MN. Based on the success of these actions, the PDSN determines if the MIP registration is 
successful, or not. in step 2d. H it is determined that the MIP registration is successful, then 
the PPP session continues, step 2X, until one side decides to terminate ihe connection 
established in slep 20. If not. i.e. if the MIP registration is determined to be unsuccessful. 

20 the PDSN further delects in step 30 which case of unsuccessful MIP registration it is 
dealing with, in order to assess if according to the scenarios defined in the standard, it 
should either maintain the session alive until the expiration of the timer started in step 22. 
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step 32. or terminate the PPP connection, step 34. For performing step 30. the PDSN may 
consider the type of error, or error code, thai is encountered when attempting to establish 
the MIP registration, and based on this error code, decide whether or not to keep the PPP 
connection alive, step 32, or to terminate it, step 34. 
S However, it was noted that in the above described prior art implementation, 

instances occur wherein, for example, the PPP connection is kept alive for the period of 
9000 seconds, like in step 32, as decided in step 30 the basis of the standard requirements. 
However, in such a situation, oftentimes the MN acts unpredictably, due to for example 
internal glitches, and therefore the expected additional MIP registration retry cannot take 

1 0 place during the time interval of at least 9000 seconds. In such instances, according to the 
current known implementations, the RP and PPP connections are kept alive for almost two 
hours and a half with no success for the MIP registration, thus unnecessarily using network 
resources. Another instance wherein the prior art implementations as described 
hereinbefore are not suitable for the actual operational situations, is when the MN attempts 

IS to perform the MIP registration using an expired foreign agent challenge parameter 
received from the PDSN. If the MN does not include the latest foreign agent challenge 
parameter advertised by the PDSN in the registration request message it sends to the 
network, according to the standard implementations, the PDSN rejects the MIP registration 
request, as shown in step 26, detects in step 30 that the PPP connections should be 

20 terminated, and actually drops the PPP connection in step 34. This latest instance is also 
inadequate, since the MN could have further listened for a subsequent foreign agent 
challenge parameter advertised by the PDSN on the air (radio) interface or received in an 
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MIP registration reply message, and re-attempt an MIP registration, which could be this 
time successful. However, the PPP connection was dropped in step 34, and thus the MN 
needs to fully re-establish new RP and PPP connections, and only afterwards re-attempt an 
MIP registration. This implementation requests excessive and unnecessary bandwidth and 
computing recourses from the network. 

The present invention proposes to solve the deficiencies of the above-described 
prior art implementations in a convenient yet simple fashion, by allowing MNs to rc- 
attempt registrations with the PDSN of an IP-based cellular telecommunications network 
(such as li>r example a CDMA 2000 cellular telecommunications network) in all possible 
cases, during a substantially short predefined period of time following an unsuccessful 
MIP registration teg. of the order of magnitude of a lew minutes). 

Reference is now made to f igure 2 wherein there is shown a nodal operation and 
signal flow diagram illustrating an exemplary preferred embodiment of the invention that 
solves the above-mentioned deficiencies. In Fig. 2, there is shown an IP-based cellular 
telecommunications network 35, such as for example but not limited to a CDMA 2000 
cellular telecommunications network. The network 35 comprises an MN .16, which is 
typically a wireless terminal connected through a radio (air) interface 37 to a Packet 
Control Function (PCF) of a Base Station C ontroller (BSC). PCF/BSC 38. The PCF/BSC 
38 is further connected typically through an IP-based wireline link 39 to a PDSN 40. which 
may perform at leaM part of the switching anil addressing functions of the network 35. 

The method may start with step 20 wherein a Point-io-Point Protocol (PPP) 
connection is established between the MN 36 through the PCF/BSC 38 to the PDSN 40. In 
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the network 35, the establishment of the PPP connection of step 20 may be mandatory for 
allowing a communication to take place between the MN 36 and the PDSN 40. 
Responsive to the establishment of the PPP connection, the PDSN 40 starts a PPP timer set 
to expire after a substantially short predetermined period of lime, such as for example after 
5 two minutes, step 4 1 . According to the preferred embodiment of the present invention, the 
substantially short predetermined period of lime may be comprised in the range of one 
second to 10 minutes, and preferably in the range of one minute to five minutes. The 
PDSN 40 then sends to the MN 36 an Agent Advertisement message 42 that may comprise 
the PDSN identification 44, Responsive to the receipt of the Agent Advertisement message 

10 42. the MN 36 sends an MIP registration request 4S for registering with the PDSN 40. The 
purpose of the registration may be for example to communicate the current MN 
« reachability » information to a Home Agent (HA) in order to dynamically obtain an IP 
address. According to the preferred embodiment of the present invention, upon receipt of 
the MIP registration request 48, the PDSN 40 attempts to perform the necessary functions 

! c , for registering the MN 36. At step 52, the PDSN 40 delects if the MIP registration is 
successful. If yes, i.e. the MIP registration is successful, the PDSN 40 resets the timer 
started in step 41 to a substantially higher value than the short predetermined period of 
time, such as for example to the default value of at least 9000 seconds. The purpose of this 
modification of the PPP timer is to allow the higher-level application timers existing within 

20 the PDSN to be initiated as the underlying MIP connection has been successfully 
established. The communication is then established and the PPP connection set-up in step 
20 continues until one party involved in the communication terminates it. On the other 

9 
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hand, if the MIP registration is dciecicd 10 be unsuccessful in step 52, an MIP registration 
reply is sent back to the MN 36 through the PCF/BS 38 for informing the MN of the MIP 
registration failure; at the same time, the PPP connection established in step 20 is 
maintained alive for the substantially short predetermined period of time (i.e. until the PPP 
timer expiration) for allowing the MN 36 to re-attempt an MIP registration, regardless of 
the type of error, or error code, that caused the MIP registration to Lie unsuccessful. Thus, 
following step 52, the PPP connection, and implicitly the RP connection, is kept alive for 
the duration of the substantially short period of time. In step 58. it is further detected if an 
additional MIP registration request (not shown) is. or is not, received before the PPP timer 
expiration. If the PPP timer expires and no MIP registration request is received by the 
PDSN 40, then the PDSN terminates the PPP connection. Otherwise, if a new MIP 
registration request 48' (not shown in Fig. 2) is received by the PDSN 40 before the 
expiration of the PPP timer, as detected in step 58 with positive result, then the method 
returns u> step 52 for detecting if the new MIP registration attempted on the basis of the 
new MIP registration request 48' is successful or not, as described hereinbefore. However, 
before returning to step 52, the method resets the PPP timer to the original substantially 
low predetermined period of time, so that if further in step 52, an unsuccessful MIP 
registration is again detected, the MN 36 is given the same original substantially low 
predetermined period of time for re-attempting yet another additional MIP registration 
request. 

With the above described preferred embodiment of invention, upon each 
unsuccessful MIP registration attempt of the MN 36, the PDSN 40 waits for the predefined 
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period of time before killing the existing PPP connection, thus allowing MN 36 to re* 
attempt another MIP registration during that predefined period of time 

Reference is now made to Figure 3, wherein there is shown a high level block- 
diagram of an exemplary implementation of a preferred embodiment of the invention 
within Packet Data Serving Node (PDSN) 40. Shown in Fig. 3 is a PDSN 40 that may 
comprise an I/O Interface 70 for allowing the PDSN 40 to communicate with the MN 3ft 
through the PCF/BSC 38. The PDSN 40 may also comprise an RP stack 71 connected to 
the I/O interface 70, used for supporting the RP connection with the PC IV BSC 38. The 
PDSN 40 may further comprise a PPP stack 72 connected to the RP stack 71, for 
supporting the establishment of the PPP connection between the MN 36 and the PDSN 40 
such as the one established in step 20 of Fig. 2. The PPP stack 72 may be further connected 
to a PPP timer 74. The RP stack 71. the PPP stack 72 and the PPP timer 74 may be 
connected to a PDSN/Foreign agent functionality 70 which may be responsible for the 
processing necessary tor establishing the RP and PPP connections and for registering the 
MN 36. According to a preferred embodiment of the present invention, an A- 1 1 message 
W lor requesting the establishment of an RP session is sent from the PCF/BSC 38 to the 
PDSN 40 Upon receipt of message 99, the I/O interface 70 relays the A- 1 1 message 90 to 
the RP stack 71, which in turn activates the RP session with the PCT-BSC 38. Further, a 
registration request message 100 may be first sent from the MN 36 to the PDSN 40 for 
requesting the establishment of a PPP connection between the MN 36 and the PDSN 40. 
The message 100 is received by the I/O interlace 70. relayed to the RP slack 71 and then 
relayed to the PPP stack 72. Various PPP session configuration messages 102 may Ik 
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exchanged between the PDSN/Forcign agent 70 and the PPP stack 72 on one side, and the 
MN 3ft on the other side, until the PPP connection is established, step 20 of Fig. 2, which 
results in the activation of the PPP slack 72. This step may be performed as it is known in 
the art. such as for example according to the standard Request for Comments (RFC) 1661 
b - Poiiu-to-Poinl Protocol (PPP). herein enclosed by reference. Following the 
establishment of the PPP connection, a PPP timer start request 104 may be sent from the 
PPP stack 72 to the PPP timer 74 for starting the PPP timer, the timer being instructed to 
expire after a substantially low predefined period of time, as described hereinbefore. The 
PPP stack 72 may then inform the PDSN/Forcign agent 70 through message 106 that the 
10 PPP connection is established. Responsive to message 106, the PDSN/Foreign agent 70 
sends an agent advertisement message 42. as mentioned with reference to Fig. 2, to the 
MN 36. via the PPP stack 72, the RP stack 71, and the I/O interface 70. Responsive to the 
receipt of the agent advertisement message 42. the MN 36 returns to the PDSN 40 an MIP 
registration request 4S, which is relayed by the I/O interface 70 to the PDSN/Foreign agent 
lb 70, transparently through the RP stack 7 I and the PPP stack 72. Upon receipt of the MIP 
registration request 48. the PI)SN/l ? oreign agent 70 may perform the method 
corresponding to block 50 shown in Fig. 2. With joint reference being now made to both 
Fig. 2 and Fig. 3. the PDSN/Foreign agent 70 first attempts to perform the necessary 
actions for registering the MN 36. At step 52. the foreign agent 70 delects if the MIP 
20 registration is successful. If yes. i.e. if the MIP registration is successful, the 
PDSN/Forcign agent 70 resets the PPP timer started in step 41 to a substantially higher 
value than the short predetermined period of time, such as for example to the default value 

12 
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of more than 90(H) seconds, by sending a reset timer message 108 to the PPP timer 74. The 
purpose of this modification of the PPP timer is to allow the higher-level application timers 
to he initiated as the underlying MIP connection is successfully established. The 
communication is then established and the PPP connection set up in step 20 continues until 
one party involved in the communication terminates it. On the other hand, if the MIP 
registration is detected to be unsuccessful in step 52. the PPP connection established in 
step 20 is maintained alive for the substantially short predetermined period of time, until 
the expiration of the PPP timer 74, for allowing the MN 36 to re-attempt an MIP 
registration, in step 58 it is detected if an MIP registration request is. or is not received, 
before the PPP timer expiration. If" the PPP timer expires and no other MIP registration 
request is received by the foreign ageni 70 from the MN 36. then the PDSN/Foreign agent 
terminates the PPP and KP connections by disabling the PPP stack 72 and the RP stack 71 
respectively. Otherwise, if a new MIP registration request 48' (shown in Fig. 3) is 
received by the PDSN/Foreign agent 70, as detected in step 58 with positive result, then 
the method returns to step 52 for delecting if the new MIP registration attempted on the 
basis of the new MIP registration request 48' is successful or not, as described 
hereinbefore. However, before attempting the registration, the method resets the PPP timer 
74 to the original substantia I i> low predetermined period of time, by sending another reset 
tinier message I 10, so that if further in step 52. an unsuccessful MIP registration is again 
delected, the same original substantially low predetermined period of time is provided to 
the MN 36, allowing for yet another attempt of MIP registration. 
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,„ fc HfP »«» 74. ,l,c RF 1 < ■ •!« m> *«* 72 and .he I/O m.c-ta 70 may be 
* ft „, re hmhMcs .» appl-,-. — » -* - '« -I— 

chip, « -y «* - f °' — * 

ta „, fc ,un„,n S „„ «.r of — »• - - n » - *— « 

computer platform. 

Al.hough several preferred embodiments of .he method and system of the present 
, nvtl1tion ta « been dlustrated in the aeeompanym* D^-ines and described in the 
lort:t; oint: Detailed Description, it wtll be understood that the invention is not limited to the 
cn^imcms disused, but is capable of numerous rearrangements, mediations and 
substllu uons wirhout depanmg from the sp.ri, of the mventton as set forth and defined by 
the following claims. 
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Claims: 

1. In a cellular telecommunications network, a method fur Mobile Internet 
Protocol (MIP) registration between a Mobile Node (MN) and a Packet Data Serving 
Node ( PDSN). the method comprising the steps of: 

establishing a Point-to-Point Protocol (PPP) connection between the MN 

and the PDSN; 

responsive lo the establishment of the PPP connection, starting a PPP 
timer set to expire after a predetermined period of time; 

attempting an MIP registration of the MN with the PDSN; and 

upon detecting an unsuccessful MIP registration of the MN with the 
PDSN, keeping alive the PPP connection between the MN and the PDSN until an 
expiration of the predetermined period of lime of the PPP timer; 

whereby the MN can attempt at least one additional MIP registration 
during the predetermined period of time following the unsuccessful MIP registration. 

2. The method claimed in claim 1, wherein the step of attempting an MIP 
registration, i) is performed responsive to a receipt at the MN of an agent advertisement 
message received from the PDSN, and n) comprises sending from the MN to the PDSN 
an MIP registration request. 
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3. The method claimed in claim I , wherein the predetermined period of time- 
is comprised in a range of one second to ion minutes. 

4. The method claimed in claim 3, wherein the predetermined period of time 
is comprised in a range of one minute to 5 minutes. 

5. The method claimed in claim I. wherein the step of keeping alive the PPP 
connection comprises the steps of: 

detecting if the MIP registration is successful: 

upon detection of an unsuccessful MIP registration, detecting if a new 
M1P registration request is received by the PDSN from the MN before the expiration of 
the predetermined period of time; and 

if a new MIP registration request is received by the POSN from the MN 
before the expiration of the predetermined period of time, resetting the PPP timer to the 
predetermined period of time. 

6. The method claimed in claim 1 . further comprising the step of: 

terminating the PPP connection if a new MIP registration request is not 
received by the PDSN from the MN before the expiration of the predetermined period of 
time. 
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7. An Internet Protocol -based (IP-based) cellular telecommunications system 
comprising: 

a Mobile Node (MN): and 

a Packet Data Serving Node (PDSN) connected to the MN through a 
Point-to- Point Protocol ( PPP) connection; 

wherein responsive to an establishment of the PPP connection, the PDSN 
starts a PPP timer set to expire alter a predetermined period of time, and wherein upon 
detecting an unsuccessful Mobile Internet Protocol (MIPj registration attempt of the MN 
with the PDSN. the PDSN keeps alive the PPP connection between the MN and the 
PDSN until an expiration of the predetermined period of time of the PPP timer. 

H. The system claimed in claim 7, wherein the IP-based cellular 
telecommunications system i> n Code Division Multiple Access (CDMA) 2000 cellular 
telecommunications syste m . 

9. The system claimed in claim 7, wherein: 

the PDSN sends an agent advertisement message to the MN; 

responsive to a receipt at the MN of the agent advertisement message sent 

by the PDSN. the MN sends an MIP registration request message for attempting to 

register with the PDSN. 
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10. The system claimed in claim 7, wlicicin the predetermined period of time 
is comprised in the range of one second to ten minutes. 

11. The system claimed in claim 7. wherein the predetermined period of time 
is comprised in the range of one minute to 5 minutes. 

1 2. The system claimed in claim 7, wherein the PDSN: 
delects if the MIP registration is successful; 

upon detection of an unsuccessful MIP registration, further detects if a 
new MIP registration request is received from the MN before the expiration of the 
predetermined period of lime; and 

if a new MIP registration request is received from the MN before the 
expiration of the predetermined period of lime, resets the PPP timer to the predefined 
period of time. 

13. The system claimed in claim I. wherein the PDSN terminates the PPP 
connection if a new MIP registration request is not received from the MN before the 
expiration of ihc predetermined period of tune. 
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14. A Packet Data Serving Node (PDSN) comprising: 

a Poini-to-Pnint Protocol connection (PPP) timer started upon 
establishment of a PPP connection between the PDSN and a Mobile Node (MN). the PPP 
timer being set to expire after a predetermined period of time; and 

a PPP stack enabled upon the establishment of the PPP connection; and 

a PDSN/Foreign agent functionality for performing a Mobile Internet 
Protocol (MIP) registration of the MN with the PDSN; 

wherein upon detecting an unsuccessful MIP registration attempt of the 
MN with the PDSN, the PDSN/Foreign agent keeps the PPP stack enabled and the PPP 
connection alive between the MN and the PDSN until an expiration of the predetermined 
period of time of the PPP timer. 

15. The PDSN claimed in claim 14. wherein at least one of the PPP timer, the 
PPP stack, and the PDSN/Foreign agent are software modules. 

16. The PDSN claimed in claim 14, wherein at least one of the PPP timer, the 
PPP stack, and the PDSN/Foreign agent are hardware modules. 

17. The PDSN claimed in claim 14, wherein at least one of the PPP timer, the 
PPP stack, and the PDSN/Foreign agent are software modules running on an operating 
system itself running on top of a hardware platform. 
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18. The PDSN claimed in claim 14, wherein the PDSN operates in a Code 
Division Multiple Access (CDMA) 2000 cellular telecommunications system. 

19. The PDSN claimed in claim 14. wherein: 

the PDSN/Foreign agent sends an agent advertisement message to the MN 
upon establishment ohhe PPP connection between the PDSN and the MN: and 

responsive to a receipt at the MN of the agent advertisement message, the 
MN sends an M1P registration request message for attempting to register with the 
PDSN' Foreign agent. 

20. The PDSN claimed in claim 14. wherein the predetermined period of time 
is comprised in the range of one second to ten minutes. 

21. The PDSN claimed in claim 14, wherein the predetermined period of* time 
is comprised in the range of one minute to 5 minutes. 
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22. The PDSN claimed in claim 14. wherein ihc PDSN/Forcign agent: 
detects if the MIP registration is successful; 

upon detection of an unsuccessful MIP registration, detects if a new MIP 
registration request is received from the MN before the expiration of the predetermined 
period of time; and 

if a new MIP registration request is received from the MN before the 
expiration of the predetermined period of time, resets the PPP timer to the predefined 
period of time. 

23. The PDSN claimed in claim 14, wherein the PDSN/Forcign agem 
terminates the PPP connection if a new MIP registration request is not received from the 
MK before the expiration of the predetermined period of lime. 

24. In a cellular telecommunications network, a method for Mobile Internet 
Protocol (MIP) registration between a Mobile Node (MN) and a Paeket Data Serving 
Node (PDSN). the method comprising the steps of: 

establishing a Poinl-to-Point Proioeol (PPP) connection between the MN 

and the PDSN: 

responsive to the establishment of the PPP connection, starting a PIT' 
timer set to expire after a predetermined period of time; 

attempting an MIP registration of the MN with the PDSN: and 
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upon detecting an unsuccessful MIP registration of the MN with the 

PDSN: 

sending from the PDSN to the MN an MIP registration 
reply for informing the MN that the MIP registration was 

unsuccessful: 

keeping alive the PPP connection between the MN and the 
PDSN until an expiration of the predetermined period of lime of 
the PPP timer: and 

responsive to a receipt of the MIP registration reply at the 
MN, attempting an additional MIP registration of the MN with the 
PDSN by sending an additional MIP registration request from the 
MN to the PDSN. wherein the steps of attempting an MIP 
registration and the step of attempting an additional MIP 
registration comprise sending from the MN to the PDSN an MIP 
registration request. 

25. The method claimed in claim 24. wherein the predetermined period of 
time is comprised in a range of one second to ten minutes. 



26. The method claimed in claim 25. wherein the predetermined period of 
time is comprised in a range of one minute to 5 minutes. 
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27. The method claimed in claim 24. wherein the step of keeping alive the 
PPP connection comprises the steps of: 

detecting if the MIP registration is successful: 

upon detection of an unsuccessful MIP registration, delecting if the 
additional MIP registration request is received by the PDSN from the MN before the 
expiration of the predetermined period of time; and 

if the additional MIP registration request is received by the PDSN from 
the MN before the expiration of the predetermined period of tune, resetting the PPP timer 
to the predetermined period of time. 



28. The method claimed in claim 24, further comprising the step of: 

terminating the PPP connection if the additional MIP registration requesi 
is not received by the PDSN from the MN before the expiration of the predetermined 
period of time. 
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